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摘  要 
 




















并测量获得了分子结的 I-V 曲线。 
(4) 提出了 MCBJ 与表面增强拉曼光谱(SERS)联用表征分子结的方法，并建立其
实验系统。探索如何利用 SERS 表征分子结；初步考察了间隔中分子 SERS 信号对间




















With the rapid development of nanoscience and nanotechnology, molecular electronics, 
aiming at molecular devices and molecular computers, has been the most active field. The 
main foci of recent research interest in molecular electronics are to fabricate molecular 
device, measure and control electron transport through a molecular device, and understand 
the relation between the structure and function of molecular devices. Metal/molecule/metal 
type molecular junctions is the most basic and widely studied structure in molecular device. 
However, it should be noted that there is no other effective technique for characterizing 
molecular junctions besides current-voltage (I-V) and inelastic electron tunneling 
spectroscopy (IETS). The present thesis is to construct metal-molecule-metal molecular 
junction and develop high sensitive spectroscopic methods to characterize molecular 
devices. The main results are listed as follows: 
1. Au nanowires were prepared by using a two-step alternative current electrodeposition 
(high voltage nucleation followed low voltage growth) inside the pores of porous 
alumina template. The molecules were then self-assembled on the wire surface inside 
the pores followed by electroless plating and electrodeposition of Au to produce Au 
nanowires with Au-molecule-Au junctions. The nanowires were then aligned by 
dielectrophoresis to bridge over two measuring nanoelectrodes for the I/V curves 
characterization. 
2. A novel electrochemical method was developed to fabricate nanogap with metallic 
electrodes on silicon chips. First, a pair of facing gold electrodes with a gap and size 
at the micrometer scale were fabricated on a Si chip by a conventional lithography 
technique. Then, a chronopotential electrodepositing method was used to narrow the 
gap width down to the nanometer scale. With the electrode potential as the feedback 
controlled by a potentiostat, nanoelectrode pairs with a tunable gap width ranging 
from about ten nanometers down to few angstroms were obtained. 
3. A home-made mechanically controllable break junction (MCBJ) setup was 
constructed to allow us to precisely and continuously adjust the gap width of the 
nanogap on a chip. By self-assembling probe molecules with a proper length on the 














摘  要 
two electrodes and measured the I-V curve of the molecular junctions.  
4. A method combining MCBJ and Surface-enhanced Raman spectroscopy (SERS) was 
developed to characterize the structure of the molecular junction. The optimized 
experimental conditions were systematically explored to obtain SERS from molecular 
junctions. The dependence of the SERS signal on the gap width was preliminarily 
studied by tuning the gap with the MCBJ setup. SERS spectra of some molecular 
junctions at different bias voltages were obtained.  
Key Words: Molecular junction; Nano-electrochemistry; Metal electrode nanogap; 
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空电子管，第一个晶体管是 1947 年 Bardeen 和 Brattain 在贝尔实验室发明的。这种点
接触的晶体管由一块厚的锗片和三根金丝组成。Shockley 接着在 1948 年发明了二极













为 103个晶体管)、大规模(LSI，1970'年代初，集成度约为 104个晶体管) 、超大规模
(VLSI，1970'年代末，集成度在 105个晶体管)、直至现在的特大规模(ULSI，1980'年
代开始，集成度现已达到 107 ~ 109个晶体管)阶段。集成电路集成度越高表明制造工
艺中的制程精度越高(即光刻加工的 小线宽越小)，电路中的晶体管尺寸也就越小。 





每个硅基片上只有 30 个晶体管，而现在集成度已超过 109个。以上说明，在人们日益
增长的需求下，工业界为了追求利润空间，推动了器件特征尺寸下降的速度非常迅速
















第一章 绪 论 
件相比还是有明显的改变[4]。 
 
图 1-1 摩尔定律示意图。[图片来源：www.it.com.cn] 




极效应。早在 1974 年，Dennard 等就提出了 MOSFET 的按比例缩小的理论[5]。CMOS
器件在按比例缩小的进程中取得了巨大的进步，但当器件技术、材料和物理限制阻止




孔径。荷兰 ASML 公司正在试验采用 193 nm 深紫外(DUV)光源加上沉浸透镜技术，
应用极限可以达到 32 nm，有望突破目前遇到的光刻障碍。极紫外(EUV)光刻技术(13 
nm EUV 光源技术)期待能使线宽小于 20 nm。除了 EUV，还有新一代纳米级的光刻
技术，如 X 射线光刻、电子束光刻、离子束光刻、微型电子束阵列等。但目前工业

















Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
